
OPTICAL HEAD APPARATUS 



Background of the Invention : 

This invention relates to an optical head apparatus for carrying out 
recording and reproducing for an optical recording nnedium, and in particular 
to an optical head apparatus capable of detecting both of a tracking error 
signal by a differential phase method and a tracking error signal by a push- 
pull nnethod. 

For an optical recording medium of a read only type, such as, DVD- 
ROM, a differential phase method is generally used as a method of 
detecting a tracking error signal. 

On the other hand, for an optical recording medium of a rewritable 
type, such as, DVD-F^M, a push-pull method is generally used as a method 
of detecting a tracking error signal. 

Accordingly, In order to deal with both of an optical recording medium 
of the read only type and an optical recording medium of the rewritable type 
by a single optical head apparatus, both of a tracking error signal by the 
differential phase method and a tracking error signal by the push-pull 
method are required to be detected. 

Further, as a method of detecting a focusing error signal, there are 
generally used a Foucault method (or double knife edge method), an 
astigmatism method and a spot size method. 

In this case, the Foucault method is featured in that noise of the 
focusing error signal in traversing tracks is smaller than those of the 
astigmatism method and the spot size method. 

Japanese Unexamined Patent Publication (JP-A) No. 143878/1998 
and Japanese Unexamined Patent Publication (JP-A) No. 143883/1998 
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disclose an optical head apparatus capable of detecting both of a tracking ^ 
error signal by the differential phase method and a tracking error signal by 
the push-pull method, and also capable of detecting a focusing error signal ^ 

by the Foucault method. 

Fig 1 sho>vs a structure of a first conventional optical head 
apparatus disclosed in Japanese Unexamined Patent Publication No. 
143878/1998. 

Emitted light from a semiconductor laser 1 is fomned into a parallel 
ray by a collimator lens 2. is incident on a polarization beam splitter 3 as p- 
polarized light, transmits therethrough substantially by 100 %. is converted 
from linearly polarized light into circularly polarized light by a quarter-wave 
plate 4 and is focused onto a disk 6 by an object lens 5. 

Reflected light from the disk 6 transmits through the object lens 5 m a 
reverse direction, is converted from circularly polarized light into linearly 
polarized light by the quarter-wave plate 4. is incident on the polarixafon 
beam splitter 3 as s-polarized light, reflected thereby substantially by 100 o/o, 
is diffracted by a hologram optical element 158. transmits through a lens 8 
and is received by an optical detector 159. 

Fig. 2 is a plan© view of the hologram optical element 158. The 
hologram optical element 158 is divided into four of a region 160 through a 
region 163 by two dividing lines respectively in parallel witii a radial direction 
and a tangential direction of the disk 6. 

Fig. 3 shows a pattern of the optical detector 159 and light spots on 

the optical detector 159. 

The Ught detector 1 59 has a light receiving portion 1 64 through a light 
receiving portion 171 . With tiiis structure. -.Ist^rder diffracted light from the 
region 160 of the hologram optical element 158 forms a light spot 173 on a 
boundary line between the light receiving portion 164 and the light receiving 
portion 165. -Ist-order diffracted light therefrom forms a light spot 178 on the 
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light receiving portion 1 70. 

+1st-order diffracted light from the region 161 of the hologram optical 
element 158 forms a light spot 172 outside of the light receiving portions 
while -Ist-order diffracted light therefrom forms a light spot 179 on the light 
receiving portion 171. 

+1st-order diffracted light from the region 162 of the hologram optical 
element 158 forms a light spot 174 on a boundary between the light 
receiving portion 166 and the light receiving portion 167 while -1st-order 
diffracted light therefrom forms a light spot 177 on the light receiving portion 
169. 

+lst-order diffracted light from the region 163 of the hologram optical 
element 158 forms a light spot 176 outside of the light receiving portions 
while -1st-order diffracted light therefrom forms a light spot 176 on the light 
receiving portion 168. 

When outputs from the light receiving portion 164 through the light 
receiving portion 171 are respectively designated by notations V164 through 
V171, the focusing error signal by the Foucault method is obtained by 
calculation of (VI 64 + VI 67) - (VI 65 VI 66), 

The tracking error signal by the differential phase method is obtained 
from a phase difference between V168 + V170 and VI 69 -i- V171. 

Further, the tracking error signal by the push-pull method is obtained 
from calculation of (VI 68 + VI 71) - (V169 + V170). 

Moreover, a data signal recorded on the disk 6 is obtained from 
calculation of VI 68 -h V169 + V170 + V171 or V164 + VI 65 + V166 + VI 67 + 
V168 + V16g V170 + V171. 

Fig. 4 shows a structure of a module 180 which is a principal portion 
of the second conventional optical head disclosed in Japanese Unexamined 
Patent Publication No. 143883/1998. 
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A semiconductor laser 181 and an optical detector 182 are installed 
inside the module 180, and a hologram optical element 183 is arranged at a 
window portion of the module 180. 

Emitted light from the semiconductor laser 181 partially transmits 
through the hologram optical element 183, and progresses toward a disk. 
Reflected light from the disk Is partially diffracted by the hologram optical 
element 183, and is received by the optical detector 182. 

Fig. 6 is a plane view of the hologram optical element 183, The 
hologram optical element 183 is divided into four of a region 184 through a 
region 187 by two dividing lines respectively in parallel with a radial direction 
and a tangential direction of the disk. 

Fig. 6 shows a pattern of the optical detector 182 and light spots on 
the optical detector 182. 

The optical detector 182 is provided with a light receiving portion 188 
through a light receiving portion 193. -i-lst-order diffracted light from the 
region 184 of the hologram optical element 183 forms a light spot 196 on a 
boundary line between the light receiving portion 189 and the light receiving 
portion 190. 

•1-lst-order diffracted light from the region 185 of the hologram optical 
element 183 forms a light spot 194 on the light receiving portion 188. 

+1st-order diffracted light from the region 186 of the hologram optical 
element 183 forms a light spot 197 on the light receiving portion 193. 

-^Ist-order diffracted light from the region 187 of the hologram optical 
element 183 forms a light spot 196 on a boundary line between the light 
receiving portion 191 and the light receiving portion 192. 

When outputs from the light receiving portion 188 through the light 
receiving portion 193 are designated by notations V188 through V193. the 
focusing error signal by the Foucault method is obtained by calculation of 
(VI 89 -^ VI 92) - (V19Q -t- VI 91). The tracking error signal by the differential 
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phase method is obtained by a phase difference between VI 89 + V190 -^• 
V191 + V192 and V188 + VI 93. 

The tracking error signal by the push-pull method is obtained from 
calculation of (VI 89 + V190 + VI 93) - (VI 88 + V191 + VI 92). Further, a 
data signal recorded on the disk is obtained from calculation of VI 88 + V189 
+ V190 + V191 + V192 + V193. 

Fig. 7 is a sectional view of the hologram optical element 183. The 
hologram optical element 183 is constituted so that a dielectric film 198 is 
formed on a glass substrate 14. 

With such a structure, emitted light from the semiconductor laser 181 
is incident as incident light 199 on the hologram optical element 183, 
transmits therethrough as transmitted light 200, and progresses toward the 
disk. 

Reflected light from the disk is incident as incident light 201 onto the 
hologram optical element 183, is diffracted as +ist-order diffracted light 202, 
and is received by the optical detector 182. 

By forming a sectional shape of the dielectric film 198 in a sawtooth- 
like shape, the diffraction efficiency of the +1$t-order diffracted light Is 
enhanced, and almost no -1st-order diffracted light is generated. 

In the first conventional optical head apparatus, the data signal 
recorded on the disk 6 is obtained by the calculation of V168 + V169 -h V170 
+ V171 or V164 + V165 -t- V166 + V167 V168 + V169 + V170 + V171. 

In the latter case, the light spot 173 formed on the boundary between 
the light receiving portion 164 and the light receiving portion 165 and the 
light spot 174 formed on the boundary line between the light receiving 
portion 166 and the light receiving portion 167, are used for detecting the 
data signal. 

However, the frequency characteristic as an optical detector on the 
boundary line is lower than that on the light receiving portion. Therefore, the 
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optical spot formed on the boundary line does not substantially contribute to 
detecting the data signal which is a high frequency signal. 

Hence, consider only a case in that the data signal recorded on the 
disk 6 Is obtained from calculation of V168 + V169 + V170 + V171. 

High S/N is requested to the data signal recorded in the disk 6 and 
the tracking error signal by the differential phase method because both of 
them are high frequency signals. 

In order to achieve high S/N, a ratio A of an optical amount used in 
detecting these signals to an optical amount of the reflected light from the 
disk 6 Is needed to be as large as possible. 

A sectional shape of the hologram optical element 158 is rectangular. 
Therefore, the diffraction efficiency of the +1st-order diffracted light and the 
diffraction efficiency of the -Ist-order diffracted light are equal to each other. 

In this case, maximum values of the diffraction efficiencies of the zt: 
1 st-order diffracted light are about 40.5 %, respectively. Namely, the 
maximum value of the above-mentioned A is equal to 0.405. The value is 
not necessarily regarded as sufficiently large. 

In the second conventional optical head apparatus, the data signal 
recorded on the disk is obtained by the calculation of V188 -»- V18g V190 + 
VI 91 -1- \/192 + \/193. In this case, the optical spot 195 formed on the 
boundary line of the light receiving portion 189 and the light receiving portion 
190 and the optical spot 196 formed on the boundary line of the light 
receiving portion 191 and the light receiving portion 192, are used for 
detecting the data signal. 

However, the frequency characteristic as an optical detector on the 
boundary line is lower than that on the light receiving portion. Accordingly, 
the optical spot formed on the boundary line does not substantially 
contribute to detecting the data signal that is a" high frequency signal. 
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That is. this Is equivalent to detecting the data signal by only using 



the optical spot 194 and the optical spot 197 in correspondence with a half of 
the section for the reflected light from the disK, Consequently, the resolution 
of the data signal and crosstalk between contiguous tracks are deteriorated, 
and the data signal cannot be correctly detected. 

Further, the focusing error signal is detected by only using the light 
spot 195 and the light spot 196 corresponding to a half in the section of the 
reflected light from the disk. In consequence, noise of the focusing error 
signal in traversing tracks becomes large, and the focusing error signal 
cannot be correctly detected. 

There is conceivable a structure in which in place of the hologram 
optical element 158 in the first conventional optical head apparatus, the 
hologram optical element 163 in the second conventional optical head 
apparatus Is used, the focusing error signal is detected from the -Ist-order 
diffracted light and the tracking error signal by the differential phase method 
and the tracking error signal by the push-pull method and the data signal 
recorded on the disk 6 are detected from the +1st-order diffracted light- 
However, in this case, the diffraction efficiency of the +1st"order 
diffracted light is high. Therefore, the above-mentioned value A can be 
increased. But, almost no -1st-order diffracted light is generated. In 
consequence, the focusing error signal cannot be actually detected. 
Summary of the Invention: 

It is therefore an object of the invention to provide an optical head 
apparatus which has a large ratio A of an optical amount used in detecting a 
data signal recorded on a disk and a tracking error signal by a differential 
phase method to an optical amount of reflected light from the disk. 

It is another object of the invention to provide an optical head 
apparatus which is capable of realizing high S/N with respect to these 
signals. 
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According to a first aspect of the invention, there is provided an 
optical head apparatus including a light source, an object lens for focusing 
emitted light from the light source onto an optical recording medium, first 
optical separating means provided between the light source and the object 
lens for separating an optical path of reflected light from the optical recording 
medium, from an optical path of the emitted light from the light source, 
second optical separating means further separating the reflected light from 
the optical recording medium via the first optical separating means into a 
first group of light and a second group of light, and an optical detector for 
receiving the first group of light and the second group of light. 

With this structure, an optical amount of the first group of light is 
larger than an optical amount of the second group of light 

When the reflected light from the disk is divided into the first group of 
light and the second group of light In this way, the value of the ratio A of 
optical amounts is large. 

Further, high S/N can be achieved In respect of the data signal 
recorded on the disk and the tracking error signal by the differential phase 
method. This Is because the optical amount of the first group of light is larger 
than the optical amount of the second group of light. 

According to a second aspect of the invention, a tracking error signal 
by a differential phase method, a tracking error signal by a push-pull method 
and a data signal recorded on the optical recording medium are detected 
from the first group of light while a focusing error signal is detected from the 
second group of light 

According to a third aspect of the invention, the second optical 
separating means may be a hologram optical element The first group of 
light is +1st^rder diffracted light of the hologram optical element while the 
second group of light is -1st-order diffracted light of the hologram optical 
element 
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According to a fourth aspect of the Invention, the hologram optical 
element is divided into four regions by two divided lines respectively in 
parallel with a radial direction and a tangential direction of the optical 
recording medium. Directions of lattices or pitches of the lattices of the four 
regions differ from each other. 

According to a fifth aspect of the invention, a phase distribution of the 
lattices in the hologram optical element is formed in a step-liKe shape of four 
levels. 

When a phase difference of light transmitting through the two 
contiguous levels is designated by a notation <b and widths of the lattices at 
a 1-st stage through a 4-th stage are respectively designated by notations 
p/2-w, w, p/2-w and w, <b is substantially 7r/2, and w/p falls* within the range a 
of 0 <; w/p <: 0.25 or 0.25 < w/p < 0.5. ^ 

According to a sixth aspect of the invention, the first optical 
^ separating means and the second optical separating means may be an 
integrated polarizing hologram optical element. The polarizing hologram 
optical element transmits the emitted light from the light source and diffracts 
the reflected light from the optical recording medium. 

The first group of light is +1st-order diffracted light of the polarizing 
hologram optical element while the second group of light is -1st-order 
diffracted light of the polarizing hologram optical element 
— According to a seventh aspect of the invention, the polarizing 

hologram optical element is divided into four regions by two divided lines 
respectively in parallel with a radial direction and a tangential direction of the 
optical recording medium. Directions of lattices or pitches of the lattices of 
the four regions differ from each other. 

According to an eighth aspect of the invention, a phase distribution of 
lattices in the polarizing hologram optical element is formed in a step-like 
shape of four levels. 
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When phase differences of light transmitting through the two 
contiguous levels In respect of ordinary fight and extraordinary light are 
designated respectively by notations 00 and 0e and widths of the lattices 
of a 1-st stage through a 4-th stage are respectively designated by notations 
p/2-w, w, p/2-w and w, <i>o is substantially O, <^e is substantially 7r/2, and 
w/p falls in a range of 0 < w/p < 0.25 or 0.25 < w/p < 0.5. 

The emitted light from the light source is incident on the polarizing 
hologram optical element as the ordinary light The reflected light from the 
optical recording medium is incident on the polarizing hologram optical 
element as the extraordinary light. 

According to a ninth aspect of the invention, a phase distribution of 
lattices in the polarizing hologram optical element is formed in a step-like 
shape of four levels. 

When phase differences of light transmitting through the two 
contiguous levels in respect of ordinary light and extraordinary light are 
designated respectively by notations <^oand <^e and widths of the lattices 
of a 1-st stage through a 4-th stage are respectively designated by notations 
p/2-w, w, p/2-w and w, <po is substantially 7r/2, <^e Is substantially 0, and 
w/p falls within the range of O < w/p < 0.25 or 0.25 < w/p < 0.5. 

The emitted light from the light source is incident on the polarizing 
hologram optical element as the extraordinary light. The reflected light from 
the optical recording medium is incident on the polarizing hologram optical 
element as the ordinary light- 
According to a tenth aspect of the invention, the second optical 
separating means may be a Wollaston prism. With this structure, the first 
group of light is one of two refracted lights of the Wollaston prism while the 
second group of light is the other of two refracted lights of the Wollaston 
prism. 
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According to an eleventh aspect of the invention, the Wollaston prism 
has a first prism disposed on an Incident side of the reflected light from the 
optical recording medium and a second prism disposed on an emitting side 
of the reflected light from the optical recording medium. 

In this event, an optical axis of the first prism is inclined by an angle 
0 to a direction in parallel with a polarizing direction of the reflected light 
from the optical recording medium. 

An optical axis of the second prism is inclined by the angle 5 to a 
direction orthogonal to the polarizing direction of the reflected light from the 
optical recording medium. 

The first group of light is a refracted light constituting extraordinary 
light in the first prism and constituting ordinary light in the second prism in 
the reflected light from the optical recording medium. 

The second group of light is refracted light constituting the ordinary 
light in the first prism and constituting the extraordinary light in the second 
prism in the reflected light from the optical recording medium. In this 
condition, e falls within the range of -45* < 6? < O* or O** < <9 < 45** . 

According to a twelfth aspect of the invention, the Wollaston prism 
has a first prism disposed on an incident side of the reflected light from the 
optical recording medium and a second prism disposed on an emitting side 
of the reflected light from the optical recording medium. 

An optical axis of the first prism is inclined by an angle 5 to a 
direction in parallel with a polarizing direction of the reflected light from the 
Qptical recording medium. 

An optical axis of the second prism is inclined by the angle 5 to a 
direction orthogonal to the polarizing direction of the reflected light from the 
optical recording medium. 

The first group of light is refracted light constituting ordinary light in 
the first prism and constituting extraordinary light in the second prism in the 
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reflected light from the optical recording medium. 

The second group of light is refracted light constituting the 
extraordinary light in the first prism and constituting the ordinary light in the 
second prism in the reflected light from the optical recording medium. In this 
case, e falls within the range of -90" < e < -45* or 45** < 5 < 90** 

According to a thirteenth aspect of the invention, a four division prism 
for refracting the reflected light from the optical recording medium is | 
provided between the Wollaston prism and the optical detector or between 
the first optical separating means and the Wollaston prisnru 

The four division prism is divided into four regions by two dividing 
lines respectively in parallel with a radial direction and a tangential direction 
of the optical recording medium. 

Directions of inclination of emitting faces in respect of an incident 
face or angles made by the emitting faces and the incident face of the four 
regions differ from each other. 

According to a fourteenth aspect of the invention, a hologram optical 
element for diffracting the reflected light from the optical recording medium 
as +1st-order diffracted light is provided between the Wollaston prism and 
the optical detector or bebA/een the first optical separating means and the 
Wollaston prism. 

The hologram optical element is divided into four regions by two 
dividing lines respectively in parallel with a radial direction and a tangential 
direction of the optical recording medium. Directions of lattices, pitches of 
the lattices or phase distributions of the lattices differ from each other. 

According to a fifteenth aspect of the invention, the phase distribution 
of the lattices in the hologram optical element is formed in a step-like shape 
of N levels (N is an integer equal to or larger than 3). 

When a phase difference of light transmitting through the two 
contiguous levels is designated by a notation <ziand all of widths of the 
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lattices of a 1-st stage through an N-th stage are designated by a notation 
p/N, <i> is substantially 2 tt/N. 

Brief Description of the Drawings : 

Fig. 1 is a view showing a first conventional optical head apparatus; 

Fig- 2 is a plane view of a hologram optical element according to the 
first conventional optical head apparatus; | 

Fig, 3 is a view showing a pattern of an optical detector and light • 
spots on the optical detector according to the first conventional optical hedd 
apparatus; * 

Fig. 4 is a view showing a module which is a principal portion of a 
second conventional optical head apparatus; 

Fig. 5 is a plane view of a hologram optical element according to the 
second conventional optical head apparatus; 

Fig. 6 is a view showing a pattern of an optical detector and light 
spots on the optical detector according to the second conventional optical 
head apparatus; 

Fig. 7 is a sectional view of a hologram optical element according to 
the second conventional optical head apparatus; 

Fig. 8 is a view showing a first embodiment of an optical head 
apparatus according to the invention; 

Fig. 9 is a plane view of a hologram optical element according to the 
first embodiment of the optical head apparatus of the invention; 

Fig. 10 is a sectional view of the hologram optical element according 
to the first embodiment of the optical head apparatus of the invention; 

Fig. 1 1 is a view showing a pattern of an optical detector and light 
spots on the optical detector according to the first embodiment of the optical 
head apparatus of the invention; 
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Fig. 12 is a plane view of a hologram optical element according to a 
second embodiment of an optical head apparatus of the invention; 

Figs. 13A and 13B are sectional views of the hologram optical 
element according to the second embodiment of the optical head apparatus 
of the invention; 

Fig. 14 is a view showing a pattern of an optica! detector and light 
spots on the optical detector according to the second embodiment of the 
optical head apparatus of the invention; 

Fig. 15 is a view showing a third embodiment of an- optical head 
apparatus according to the invention; 

Fig. 16 Is a sectional view of a polari2:ing hologram optical element 
according to the third embodiment of the optical head apparatus of the 
invention; 

Fig. 17 is a view showing a pattern of an optical detector and light 
spots on the optical detector according to the third embodiment of the optical 
head apparatus of the invention; 

Figs. 18A and 18B are sectional views of a polarizing hologram 
optical element according to a fourth embodiment of an optical head 
apparatus of the invention, and Fig. 18A corresponds to regions 36 and 37 
while Fig. 18B corresponds to regions 38 and 3g; 

Fig. 19 is a view showing a pattern of an optical detector and light 
spots on the optical detector according to the fourth embodiment of the 
optical head apparatus of the invention; 

Fig. 20 is a view showing a fifth embodiment of an optical head 
apparatus according to the invention; 

Figs. 21 A and 21 B are views showing a constitution of a Wollaston 
prism according to the fifth embodiment of the optical head apparatus of the 
invention; 
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Figs. 22A, 22B and 22C are views showing a constitution of a four 
division prism according to the fifth embodiment of the optical head 
apparatus of the invention; 

Fig. 23 is a plane view of a hologram optical element according to a 
sixth embodiment of an optical head apparatus of the invention; and 

Figs. 24A and 24B are sectional views of the hologram optical 
element according to the sixth embodiment of the optical head apparatus of 
the invention. 

Descriptio n of Preferred FmhndimRnts 

Referring to drawings, description will be hereinafter made about 
embodiments of this invention. 
(First embodiment) 

Referring Fig. 8, description will be made about a first embodiment of 
this invention- 

In Fig. 8, emitted light from the semiconductor laser 1 is formed into a 
parallel ray by the collimator lens 2, is incident on the polarizing beam 
splitter 3 as p-polarized light, transmits therethrough substantially by 10O %. 
is converted from linearly polarized light to circularly polarized light by the 
quarter-wave plate 4, and is focused onto the disk 6 through the object lens 
5. 

Reflected light from the disk 6 transmits through the object lens 5 in a 
reverse direction, is converted from circulariy polarized light into linearly 
polarized light by the quarter-wave plate 4, is incident on the polarizing 
beam splitter 3 as s-polarized light, is reflected substantially by 100 %, is 
diffracted by the hologram optical element 7, transmits through the lens 8. 
and is received by the optical detector 9. 

In Fig. 9, the hologram optical element 7 is divided into four of a 
region 10 through a region 13 by two dividing lines respectively In parallel 
with a radial direction and a tangential direction of the disk 6. It is to be noted 
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that a direction of a lattice is in parallel with the tangential direction of the 
disk 6 in any of the region 10 through the region 13. Further, pitches of the 
lattices become wider in the order of the region 10. the region 11, the region 
12 and the region 13. 

In Fig. 10, the hologram optical element 7 is constituted so that a 
dielectric film 16 is formed on the glass substrate 14. The reflected light from 
the disk 6 is incident on the hologram optical element 7 as incident light 15, 
is diffracted as -Ist-order diffracted light 17 and +1st-order diffracted light 1 8, 
and is received by the optical detector 9. 

The sectional shape of the dielectric film 15 is formed in a step-like 
shape of four levels. All of differences in heights of the two contiguous levels 
are equal to each other. When a phase difference of light transmitting 
through the two contiguous levels Is designated by notation 0and widths of 
the lattices of a first stage through a fourth stage are respectively designated 
by notations p/2-w, w, p/2-w and w, the diffraction efficiency t? of the -Ist- 
order diffracted light and the diffraction efficiency 77 .^1 of the +1st-order 
diffracted light are respectively given by Equation (1) and Equation (2). 
77., = (2/ TT^) (1-COS2 0) {1-sin(2 7rw/p)sin(/>} • - • • (1) 
77 +1 = (2/ Tzr ^) (1 -COS2 <t> ) {1 +sin(2 tc w/p)sin <z5i } - - - • (2) 

When 0= 7r/2, w/p=0.135 or w/p=0.365, 77,1=0.10 and 77+i=0.71. 
Accordingly, when the focusing error signal is detected from the -1st-order 
diffracted light 17 and the tracking error signal by the differential phase 
method, the tracking error signal by the push-pull method and the data 
Signal recorded on the disk 6 are detected by the +1st-order diffracted light 
18, the value of the above-mentioned A becomes 0.71 which is larger than 
the value in the first conventional optical head apparatus. In this event, w/p 
satisfying 77 .1 < 77+1 and 77 -1 0 falls within the range of 0 < w/p < 0.25 
or 0.25 < w/p < 0.5. 
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When the difference in the heights of the two contiguous levels of the 
dielectric film 15 is designated by notation h/4, the refractive index of the 
dielectric film 15 is designated by notation n and the wavelength of the 
incident light 16 is designated by notation A , <i \s given by Equation (3) as 
follows. 

0=(27r/yl)(n-1)h/4 (3) 

In the case of A =660 nm, when SiOj is used for the dielectric film 15» 
since n=1 ,46, In order to set <fi as 0 = tt /2, h may be as h=l .43 um. 

In Fig. 11, the optical detector 9 has a light receiving portion 19 
through a light receiving portion 26. -1st-order diffracted light from the region 
10 of the hologram optical element 7 forms a ligtit spot 27 on a boundary line 
between the light receiving portion 19 and the light receiving portion 20 while 
+1st-order diffracted light therefrom forms a light spot 34 on the light 
receiving portion 26. 

-Ist-order diffracted light from the region 11 of the hologram optical 
element 7 forms a light spot 28 on the boundary line between the light 
receiving portion 19 and the light receiving portion 20 while ■♦-ist-order 
diffracted light therefrom forms a light spot 33 on the light receiving portion 
25. 

-Ist-order diffracted light from the region 12 of the hologram optical 
element 7 forms a light spot 29 on a boundary line between the light 
receiving portion 21 and the light receiving portion 22 while +1st-order 
diffracted light therefrom forms a light spot 32 on the light receiving portion 
24. 

-1st-order diffracted light from the region 13 of the hologram optical 
element 7 forms a light spot 30 on the boundary line between the light 
receiving portion 21 and the light receiving portion 22 while -*-1st-order 
diffracted light forms a light spot 31 on the light receiving portion 23. 



1 



1. 



Received Nov-16-99 20:OS 



Fron)-81335030250 



TO-FOLEY & LARDNER 



I 

Paffe 22 




When outputs from the light recaiving portion 19 through the light 
receiving portion 26 are respectively designated by notations \/19 through 
V26, the focusing error signal by the Foucault method is obtained by 
calculation of (V19 \/22) - (V20 + V21). The tracking error signal by the 
differential phase method is obtained from the phase difference between 
V23 + V26 and V24 + V25. 

The tracking error signal by the push-pull method is obtained by 
calculation of (\/23 + V25) - (V24 + V26). Further, the data signal recorded 
on the disk 6 is obtained by calculation of V23 + V24 -i- V2S + V26. 

(Second embodiment) 

Subsequently, description will be made about a second embodiment 
of this invention. In the second embodiment, the hologram optical element 7 
and the optical detector 9 in the first embodiment illustrated in Fig. 8 are 
replaced by a hologram optical element 35 and an optical detector 48, 
respectively. 

In Fig. 12, the hologram optical element 35 is divided into four of a 
region 36 through a region 39 by two dividing lines respectively in parallel 
With the radial direction and the tangential direction of the disk 6. Directions 
of lattices are inclined by a predetermined angle in - direction relative to the 
tangential direction of the disk 6 in the region 36 and the region 37, and are 
inclined by a predetermined angle in + direction relative to the tangential 
direction of the disk 6 in the region 38 and the region 39. 

Further, pitches of the lattices are equal respectively in the region 36 
and the region 39 and in the region 37 and the region 38. and the latter is 
wider than the former. 

In Fig. 13Ap the hologram optical element 35 is constituted so that a 
dielectric film 40 is formed on the glass substrate 14. Reflected light from the 
disk 6 is incident on the hologram optical element 35 as incident light 42, is 
diffracted as -1st-order diffracted light 43 and +ist-order diffracted light 44, 
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and is received by the optical detector 48. 

In the meanwhile, in Fig. 13B, the hologram optical element 35 is 
constituted so that a dielectric film 41 Is formed on the glass substrate 14. 
Reflected light from the disk 6 is incident on the hologram cpptical elenrient 35 
as Incident light 45, Is diffracted as -Ist-order diffracted lig it 46 and +1st- 
order diffracted light 47, and is received by the optical det€ ctor 48, 

Fig, 13A Is a sectional view of portions of the regioi i 36 and the 
region 37 while Fig. 1 3B is a sectional view of portions of t le region 38 and 
the region 39. 

The sectional shapes of the dielectric film 40 and the dielectric film 
41 are the same as the sectional shape of the dielectric film 1 5 in the 
hologram optical element 7 illustrated in Fig. 10. 

Accordingly, when the focusing error signal Is detected from the 
-Ist-order diffracted light 43 and the -1st-order diffracted light 46. and the 
tracking error signal by the differential phase method, the tracking error 
signal by the push-pull method and the data signal recorded on the disk 6 
are detected from the +1st-order diffracted light 44 and the +1st-order 
diffracted light 47, the value of the above-mentioned A becomes 0.71 that is 
larger than the value in the first conventional optical head apparatus. " 

In Fig. 14, the optical detector 48 has a light receiving portion 49 
through a light receiving portion 56. The -1st-order diffracted light from the 
region 36 of the hologram optical element 35 forms a light spot 57 on a 
boundary line between the light receiving portion 49 and the light receiving 
portion 50 while the + Ist-order diffracted light therefrom forms a light spot 64 
on the light receiving portion 66. 

The -1st-order diffracted light from the region 37 of the hologram 
optical element 35 forms a light spot 58 on the boundary line between the 
light receiving portion 49 and the light receiving portion 50 while the + Ist- 
order diffracted light therefrom forms a light spot 63 on the light receiving 
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portion 55, 

The -1st-order diffracted light from the region 38 of the hologram 
optical element 35 forms a light spot 59 on a boundary line between the light 
receiving portion 51 and the light receiving portion 52 while the +1st-order 
diffracted light therefrom forms a light spot 62 on the light receiving portion 
54. 

The -Ist-order diffracted light from the region 39 of the hologram 
optical element 35 forms a light spot 60 on the boundary line between the 
light receiving portion 51 and the light receiving portion 52 while the +1st- 
order diffracted light therefrom forms a light spot 61 on the light receiving 
portion 53. 

When outputs from the light receiving portion 49 through the light 
receiving portion 5Q are respectively designated by notations V49 through 
V56, the focusing error signal by the Foucault method is obtained by 
calculation of (V49 + V62) - (V50 + V51). The tracking error signal by the 
differentia! phase method is obtained by the phase difference between V53 
+ V56 and V54 + V55. The tracking error signal by the push-pull method is 
obtained by calculation of (VSS V55) - (V54 + V56). Further, the data 
signal recorded on the disk 6 is obtained by calculation of VSS + V54 + V55 
+ V56. 

(Third embodiment) 

Subsequently, description will be made about a third embodiment of 
this invention with reference to Fig. 15. 

In Fig, 15, a semiconductor laser 66 and an optical detector 67 are 
Installed inside a module 66. Emitted light from the semiconductor laser 66 
is formed into a parallel ray by the collimator lens 2, transmits through a 
polarizing hologram optical element 68 substantially completely, is 
converted from linearly polarized light into circularly polarized light by the 
quarter-wave plate 4. and is focused onto the disk 6 by the object lens 5. 
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Reflected light from the disk 6 transmits through the object lens 5 in a 
reverse direction, is converted from circularly polarized light into linearly 
polarized light by the quarter-wave plate 4, is diffracted by the polarizing 
hologram optical element 68 substantially completely, transmits through the 
collimator lens 2, and is received by the optical detector 67. 

Herein, it is to be noted that a plane view of the polarizing hologram 
optical element 68 is the same as the plane view of the hologram optical 
element 7 illustrated in Fig, 9. The polarizing hologram optical element 68 is 
divided into four of the region 10 through the region 13 by two dividing lines 
respectively in parallel with the radial direction and the tangential direction of 
the disk 6. 

Directions of lattices are in parallel with the tangential direction of the 
disk 6 in any of the region 10 tlirough the region 13. Further, pitches of the 
lattices become wider in the order of the region 10, the region 1 1 . the region 
12 and the region 13. 

In Fig. 16, the polarizing hologram optical element 68 is constructed 
so that a proton exchange region 70 is formed in a substrate of a lithium 
niobate substrate 69 having birefringence and a dielectric film 71 Is formed 
on the substrate, respectively. 

Emitted light from the semiconductor laser 56 is incident on the 
polarizing hologram optical element 68 as incident liglit 72, transmits 
therethrough as transmitting light 73, and progresses toward the disk 6. 
Reflected light from the disk 6 is incident on the polari;zing hologram optical 
element 68 as incident light 74, is diffracted as -1st-order diffracted light 75 
and -»-1st-order diffracted light 76, and is received by the optical detector 67. 

In the meanwhile, it is to be noted that the sectional shapes of the 
proton exchange region 70 and the dielectric film 71 are formed in a step- 
like shape of four levels. All of differences in depths of the two contiguous 
levels in the proton exchange region 70 are equal to each other, and all of 
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differences in heights of the two contiguous levels in the dielectric film 71 are 
equal to each other. 

When phase differences of light transmitting through the two 
contiguous levels in respect of ordinary light and extraordinary light are 
designated by notations <t> o and <t> e and widths of lattices at a first stage 
through a fourth stage are respectively designated by notations p/2-w, w. 
p/2-w and w, transmittances v Oq and n e© for the ordinary and the 
extraordinary light, diffraction efficiencies n 0.1 and 77 e.-, of the -1st-order 
diffracted light for the ordinary light and the extraordinary light and diffraction 
efficiencies v o^^ and 77 e^^ of the +1st-order diffracted light for the ordinary 
light and the extraordinary light are respectively given by Equation (4) 
through Equation (9). 

77 Oo =(1^) (1+cos2<^o) x{1-4w/p(1-2w/p) (1-cos<6o)} (4) 
7?eo =(1/2) (1+cos2cie) x {1-4w/p(1-2w/p) (1-coS(2ie)} (5) 
77 0.1 = (2/ TT ^) (1 -cos2 o) {1 -sin(2 tt w/p)sin <t> 0} (6) 
77e,i = (2/7r^) (1-cos2<^e) {1-sin(2 7rw/p)sin<^»e} (7) 
770+1 = (2/7r*) (1'Cos2a^o) {1i-6in(2 tt w/p)sin 00} (8) 
7? e+1 ^{2J7r^) (1 -cos2 <p e) {1 +sm(2 tt w/p)sih 0 e> (9) 
When 0 0=0, 0e= 7r/2, w/p=0.l35 or w/p=0.365, then, 7700=1, 
77O_i=0, 77O+T=0, 77eo=0, 77e.i=0.10 and 77e^-,=0.7l. That is, when the 
emitted light from the semiconductor laser 66 Is incident on the polarizing 
hologram optical element 68 as the ordinary light, the emitted light transmits 
therethrough by 100 % as transmitting light When reflected light from the. 
disk 6 is incident on the polarizing hologram optical element 68 as the 
extraordinary light, the transmitted light Is diffracted by 10 % as the -Ist- 
order diffracted light and by 71 % as the ^1st-order diffracted light- 
Therefore, when the focusing error signal Is detected from the -1 st- 
order diffracted light 75. and the tracking error signal by the differential 
phase method, the tracking error signal by the push-pull method and the 
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data signal recorded on the disk 6 are detected from the -^Ist-order 
diffracted light 76, then the value of the above-mentioned A becomes 0.71 
which is larger than the value in the first conventional optical head apparatus. 
In this event, w/p satisfying r)0,^ < t) e+i and e.-, ^0 falls within the range 
of 0 < w/p < 0.25 or 0.25 < w/p < 0.5. 

When a difference in depths of the two contiguous levels of the 
proton exchange region 70 is designated by notation d/4, a difference in 
heights of the two contiguous levels of the dielectric film 71 is designated by 
notation h/4, changes in refractive indices for the ordinary ^ight and the 
extraordinary light by proton exchange are designated by A no and A ne, 
the refractive index of the dielectric film 71 is designated by notation n and 
wavelengths of the incident light 72 and the incident light 74 are designated 
by notation A , <bo and <6e are given by Equation (10) and Equation (11), , 
respectively. 

<6o = (2 7r/;i ) {Anod/4+(n-1)h/4} (10) 

<jSe = (2 7r/;i) { A ned/4+(n-1)h/4} (11) 

In the case of ;i =660 nm, Ano=-0-04 and Ane=0.12 and when 
NbzOs is used for the dielectric film 71, since n=2.2, in order to set <ho and 
0eas 0=0 and <^ 7r/2, d and h may be d=4,13 m and h=138 nm. 

In Fig. 17, the semiconductor laser 66 and a mirror 77 are arranged 
on the optical detector 67. The optical detector 67 has a light receiving 
portion 78 through a light receiving portion 85. Emitted light from the 
semiconductor laser 66 is reflected by the mirror 77, and progresses toward 
the disk 6. 

The -1st-order diffracted light from the region 10 of the polarizing 
hologram optical element 68 forms a light spot 86 on a boundary line 
between the light receiving portion 78 and the light receiving portion 79 while 
the +1st-order diffracted light therefrom forms a light spot 93 on the light 
receiving portion 85. 
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The -1st-order diffracted light from the region 1 1 of the polarizing 
hologram optical element 68 forms a light spot 87 on the boundary between 
the light receiving portion 78 and the light receiving portion 79 while the 
+1st-order diffracted light therefrom forms a light spot 92 on the light 
receiving portion 84. 

The -Ist-order diffracted light from the region 12 of the polarizing 
hologram optical element 68 forms a light spot 88 on a boundary line 
between the light receiving portion 80 and the light receiving portion 81 while 
the -J-lst-order diffracted light therefrom forms a light spot 91 on the light 
receiving portion 83. 

The -1st-order diffracted light from the region 13 of the polarizing 
hologram optical element 68 forms a light spot 89 on the boundary line 
between the light receiving portion 60 and the light receiving portion 81 while 
the +1st-order diffracted light therefrom forms a light spot 90 on the light 
receiving portion 82. 

\A/hen outputs from the light receiving portion 78 through the light 
receiving portion 85 are represented respectively by notations V78 through 
V85, the focusing error signal by the Foucault method is obtained by 
calculation of (V78 + V81) - (V79 + V80). 

The tracking error signal by the differential phase method is obtained 
by the phase difference between VS2 V85 and VSS + \/a4. The tracking 
error signal by the push-pull method is obtained by calculation of (V82 + 
V84) - (V83 + V65). Further, the data signal recorded on the disk 6 is 
obtained by calculation of V82 + V83 + V84 + V85. 

(Fourth embodiment) 

Subsequently, description will be made about a fourth embodiment 
of this invention. In the fourth embodiment, the polarisiing hologram optical 
element 68 and the optical detector 67 in the third embodiment of the optical 
head apparatus illustrated in Fig. 15 are replaced by a polarizing hologram 
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optical element 94 and an optical detector 109, respectively. 

Herein, it is to be noted that the plane view of the polarizing hologram 
optical element 94 is the same as the plane view of the hologram optical 
element 35 illustrated in Fig. 12. 

The polarizing hologram optical element 94 is divided into four of the 
region 36 through the region 39 by two dividing lines in parallel respectively 
with the radial direction and the tangential direction of the disk 6. 

Directions of lattices are inclined by a predetermined angle in 
- direction relative to the tangential direction of the disk 6 in the region 36 f 
and the region 37, and are inclined by a predetermined angle in + direction 
relative to the tangential direction of the disk 6 in the region 38 and the 
region 39. 

Further, pitches of the lattices are equal to each other in the region 
36 and the region 39 and in the region 37 and the region 38. and the latter is 
wider than the former 

In Fig. 18A, the polarizing hologram optical element 94 is constituted 
so that a proton exchange region 95 is formed in the substrate of the lithium 
niobate substrate 69 having birefringence ,and a dielectric film 96 is formed 
on the substrate, respectively. Emitted light from the semiconductor laser 66 
is Incident on the polarizing hologram optical element 94 as Incident light 99, 
transmits therethrough as transmitting light 100 and progresses toward the 
disk 6. 

Reflected light from the disk 6 is incident on the polarizing fiologram 
optical element 94 as incident light 101, Is diffracted as -Ist-order diffracted 
light 102 and +1st-order diffracted light 103, and is received by the optical 
detector 1 09. 

Meanwhile, in Fig. 18B, the polarizing hologram optical element 94 is 
constituted so that a proton exchange region 97 is formed in a substrate of 
the lithium niobate substrate 69 having birefringence and a dielectric film 98 
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is formed on the substrate, respectively. Emitted light from the 
semiconductor laser 66 is incident on the polarizing hologram optical 
element 94 as incident light 104, transmits therethrough as transmitting light 
105 and progresses toward the disk 6. 

Reflected light from the disk 6 is incident on the polarizing hologram 
optical element 94 as incident light 106, is diffracted as -1st-order diffracted 
light 107 and +1st-order diffracted light 108, and is received by the optical 
detector 109. 

Fig. ISA is a sectional view of portions of the region 36 and the 
region 37 while Fig. 1 SB is a sectional view of portions of the region 38 and 
the region 39. 

Sectional shapes of the proton exchange region 95 and the proton 
exchange region 97 are the same as the sectional shape of the proton 
exchange region 70 in the polarizing hologranrt optical element 68 illustrated 
in Fig. 16 while sectional shapes of the dielectric film 96 and the dielectric 
film 98 are the same as the sectional shape of the dielectric film 71 in the 
polarizing hologram optical element 68 illustrated in Fig. 16. 

That is, when emitted light from the semiconductor laser 66 is 
incident on the polarizing hologram optical element 94 as ordinary light, the 
emitted light transmits therethrough by 100 % as transmitting light. When 
reflected light from the disk 6 is incident on the polarizing hologram optical 
element 94 as extraordinary light, the reflected light is diffracted by 10 % as 
the -1st-order diffracted light and by 71 % as the +1st-ordsr diffracted light, 
respectively. 

Accordingly, the focusing error signal is detected from the -Ist-order 
diffracted light 102 and -1st-order diffracted light 107. and the tracking error 
signal by the differential phase method, the tracking error signal by the 
push-pull method and the data signal recorded on the disk 6 are detected 
from the +1st-oixier diffracted light 103 and the +1st-ord©r diffracted light 
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108. Under this circumstance, value of the above-mentioned A becomes 
0.71 which is larger than the value in the conventional first optical head 
apparatus. 

In Fig. 19, the semiconductor laser 66 and the mirror 77 are arranged 
on the optical detector 109. The optical detector 109 has a light receiving 
portion 110 through a light receiving portion 117. Emitted light from the 
semiconductor laser 66 is reflected by the mirror 77, and progresses toward 
the disk 6. 

The -Ist-order diffracted light from the region 36 of the polarizing 
hologram optical element 94 forms a light spot 118 on a boundary between 
the light receiving portion 110 and the light receiving portion 111 while the 
-i-lst-arder diffracted light therefrom forms a light spot 125 on the light 
receiving portion 117. 

The -Ist-order diffracted light from the region 37 of the polarizing 
hologram optical element 94 forms a light spot 119 on the boundary 
between the light receiving portion 1 10 and the light receiving portion 111 
while the -*-1st-order diffracted light therefrom forms a light spot 124 on the 
light receiving portion 116. 

The -ist-order diffracted light from the region 38 of the polarizing 
hologram optical element 94 forms a light spot 120 on a boundary line 
between the light receiving portion 112 and th© light receiving portion 113 
while the +1st-order diffracted light therefrom forms a light spot 123 on the 
light receiving portion 115. 

The -Ist-order diffracted light from the region 39 of the polarizing 
hologram optical element 94 forms a light spot 121 on the boundary line 
between the light receiving portion 112 and the light receiving portion 113 
while the vist-order diffracted light therefrom forms a light spot 122 on the 
light receiving portion 114. 
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When outputs from the light receiving portion 110 through the light 
receiving portion 117 are respectively designated by notations V110 through 
V1 17, the focusing error signal by the Foucault method Is obtained by 
calculation of (V1 1 0 + V1 13) - (V1 11 + V1 12). The tracking error signal by 
the differential phase method is obtained by the phase difference between 
V1 14 + V1 17 and V1 15 + V1 16. The tracking error signal by the push-pull 
method is obtained by calculation of (V1 14 + V1 1 6) - (V1 15 + V1 17). Further, 
the data signal recorded on the disk 6 is obtained by a calculation of V1 14 + 
V115 + V116-I- V117. 

In the third and the fourth embodiments, when phase differences of 
light transmitting through the two contiguous levels for ordinary light and 
extraordinary light in the polarising hologram optical element 68 and the 
polarizing hologram optical element 94 are designated by notations 0o and 
<6e, then <^o=Oand <^e=7r/2. 

Further, emitted light from the semiconductor laser 66 is incident on 
the polarizing hologram optical element 68 or the polarizing hologram optical 
element 94 as the ordinary light. 

On the other hand, reflected light from the disk 6 is incident on the 
polarizing hologram optical element 68 or the polarizing hologram optical 
element 94 as the extraordinary light 

Alternatively, when phase differences of light transmitting through the 
two contiguous levels for ordinary light and extraordinary light in the 
polarizing hologram optical element 68 and the polarizing hologram optical 
element 94 are designated by notation 0q and czie, then (po^n/Z and 
<^e=0. Further, the emitted light from the semiconductor laser 66 may be 
incident on the polarizing hologram optical element 68 or the polarizing 
hologram optical element 94 as the extraordinary light The reflected light 
from the disk 6 may be incident on the polarizing hologram optical element 
68 or the polarizing hologram optical element 94 as the ordinary light 
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- (Fifth embodiment) 

Subsequently, description will be made about a fifth embodiment of 
this invention with reference to Fig. 20. 

In Fig. 20. emitted light from the semiconductor laser 1 is formed into 
a parallel ray by the collimator lens 2, is incident on the polarization beam 
splitter 3 as p-polarized light, transmits therethrough substantially by 100 %, 
is converted from linearly polarized light Into circularly polarized light by the 
quarter-wave plate 4, and is focused onto the disk 6 by the object lens 5. 

Reflected light from the disk 6 transmits through the object lens 5 in a 
reverse direction, is converted from circularly polarized light into linearly 
polarized light by the quarter-wave plate 4, Is incident on the polarization 
beam splitter 3 as s-polarized light, reflected thereby substantially by 100 %, 
refracted by a Wollaston prism 126 and a four division prism 127, transmits 
through the tens 8, and is received by the optical detector 9, 

In FSgs. 21A and 21B, the structure of the Wollaston prism 126 is 
illustrated. Herein, it is to be noted that Fig. 21 A is a side view and Fig. 21 B 
is a plane view. 

The Wollaston prism 126 is constituted by pasting together a prism 
128 and a prism 129 made of lithium niobate having birefringence. Reflected 
light from the disk 6 Is incident on the Wollaston prism 12G as incident light 
130, refracted as refracted light 131 and refracted light 132. and progresses 
toward the four division prism 127. 

The polarized light direction of the incident light 130 relative to a 
pasted face of the prism 128 and the prism 129 is that of s-polarized light. 
An optical axis 133 of the prism 128 is inclined to the s-polarized light 
direction by 6 while an optical axis 134 of the prism 129 is inclined to a p- 
polarized light direction by 0 . 

In the case of lithium niobate, the refractive index for ordinary light is 
larger than the refractive index for extraordinary light As a result, a 
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component of the incident light 130 constituting ordinary light in the prism 
128 and extraordinary light in the prism 129 becomes the refracted light 131. 
Further, a component thereof constituting extraordinary light in the prism 
128 and ordinary light in the prism 129 becomes the refracted light 132. 

In this case, ratios of intensities of the refracted light 131 and the 
refracted light 132 to an intensity of the incident light 130 are given by sin^ 
d and cos'' 6 . respectively. When 6 =-22" or 6 -22r , then, sln^ e =0.14 
and cos^ 6 =0.86. Further, 6 satisfying sin^ B <cos^ 6 and sin^ ^ ^0 falls 
>A^thin the range of -4S" < ^ < 0* orO* < e <45' 

In Figs. 22A, 22B and 22C, the constitution of the four division prism 
127 is illustrated. In this event, Fig. 22A and Fig. 22B are sectional views 
while Fig. 22C is a plane view. 

The four division prism 127 is made of plastic as its material, and is 
divided into four of a region 135 through a region 138 by two dividing lines 
respectively in parallel with the radial direction and the tangential direction of 
the disk 6. 

Fig. 22A is a sectional view of portions of the region 135 and the 
region 136 while Fig. 22B is a sectional view of portions of the region 137 
and the region 138. 

An emitting face thereof is inclined to an incident face thereof in 
+ direction around the tangential direction of the disk 6 in the region 135 and 
the region 136, and inclined in - direction around the tangential direction of 
the disk 6 in the region 137 and the region 138. Angles made by the emitting 
faces and the incident face are respectively equal in the region 135 and the 
region 138 and in the region 136 and the region 137, and the former is larger 
than the latter 

In Fig. 22A, refracted light from the Wollaston prism 126 is incident 
on the region 135 and the region 136 of the four division prism 127 
respectively as incident light 139 and incident light 141, refracted 
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respectively as refracted light 140 and refracted light 142. and received by 
the optical detector 9. 

In the meanwhile, in Fig. 22B, the refracted light from the Wollaston 
prism 126 is incident on the region 137 and the region 138 of the four 
division prism 127 respectively as incident light 143 and incident light 145, 
refracted respectively as refracted light 144 and refracted light 146, and 
received by the optical detector 9. 

With such a structure, the focusing error signal is detected from light 
refracted as the refracted light 131 by the Wollaston prism 126 and refracted 
by the four division prism 127 as the refracted light 140, the refracted light 
142, the refracted light 144 and the refracted light 146. 

Further, the tracking error signal by the differential phase method, 
the tracking error signal by the push-pull method and the data signal 
recorded on the disk 6 are detected from light refracted by the Wollaston 
prism 126 as the refracted light 132 and refracted by the four division prism 
127 as the refracted light 140, the refracted light 142, the refracted light 144 
and the refracted 146, 

Under this circumstance, the value of the above-mentioned A 
becomes 0.86 which is larger than the value in the conventional first optical 
head apparatus. 

A pattern of the optical detector 9 and light spots on the optical 
detector 9 are Illustrated in Fig. 11. Among the lights refracted as the 
refracted light 131 by the Wollaston prism 126, light refracted as the 
refracted light 140 at the region 135 of the four division prism 127 forms the 
light spot 27 on the boundary line between the light receiving portion 19 and 
the light receiving portion 20. 

Further, light refracted as the refracted light 142 by the region 136 of 
the four division prism 127 forms the optical spot 28 on the boundary line 
between the light receiving portion 19 and the light receiving portion 20. 
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Moreover, light refracted as the refracted light 144 by the region 137 
of the four division prism 127 forms the light spot 29 on the boundary line 
between the light receiving portion 21 and the light receiving portion 22. 

in addition, light refracted as the refracted light 146 by the region 138 
of the four division prism 127 forms the light spot 30 on the boundary line 
between the light receiving portion 21 and the light receiving portion 22. 

Among the lights refracted as the refracted light 132 by the Wollaston 
prism 126, light refracted as the refracted light 140 by the region 135 of the 
four division prism 127 forms the light spot 31 on the light receiving portion 
23. 

Further, light refracted as the refracted light 142 by the region 136 of 
the four division prism 127 forms the light spot 32 on the light receiving 
portion 24. 

Moreover, light refracted as the refracted light 144 by the region 137 
of the four division prism 127 forms the light spot 33 on the light receiving 
portion 25. 

In addition, light refracted as the refracted light 146 by the region 138 
of the four division prism 127 forms the light spot 34 on the light receiving 
portion 26. 

The focusing error signal by the Foucault method, the tracking error 
signal by the differential phase method, the tracking error signal by the 
push-pull method and the data signal recorded on the disk 6 are obtained by 
the same calculation as that in the first embodiment. 

In the fifth embodiment, the four division prism 127 is arranged 
between the Wollaston prism 126 and the lens 8. Alternatively, the four 
division prism 127 may be arranged between the polarization beam splitter 3 
and the Wollaston prism 126. 

(Sixth embodiment) 

Subsequently, description will be made about a sixth embodiment of 
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this invention. In the sixth embodiment, the four division prism 127 i^i the fifth 
embodiment illustrated in Fig. 20 is replaced by a hologram optical blement 
147. . I 

With this structure, reflected light from the disk 6 is refracted by the 
Wollaston prism 126, Is diffracted by the hologram optical elemertt 147, and 
is received by the optical detector 9. i 

In Fig. 23, the hologram optical element 147 is divided into our of a 
region 148 through a region 151 by two dividing lines respectively i i parallel 
with the radial direction and the tangential direction of the disk 6. ^ 

Directions of lattices are in parallel with the tangential direction of the 
disk 6 in any of the region 148 through the region 151- Further, pitches of the 
lattices are equal respectively in the region 148 and the region 151 and in 
the region 149 and the region 150. and the latter is wider than the former. 

Fig. 24A is a sectional view of portions of the region 148 and the 
region 149 while Fig. 24B is a sectional view of portions of the region ISO 
and the region 151. 

In Fig. 24A, the hologram optical element 147 is constructed so that 
a dielectric film 152 is formed on the glass substrate 14. With this structure, 
refracted light from the Wollaston prism 126 is incident on the hologram 
optical element 147 as incident light 154, diffracted as +1st-order diffracted 
light 155 and is received by the optical detector 9. 

Meanwhile, in Fig. 24B, the hologram optical element 147 is 
constructed so that a dielectric film 153 is formed on the glass substrate 14. 
With such a structure, refracted light from the Wollaston prism 126 Is 
incident on the hologram optical element 147 as incident light 156. diffracted 
as -i-lst-order diffracted light 157 and is received by the optical detector 9. 

Herein, it is to be noted that sectional shapes of the dielectric film 
152 and the dielectric film 153 are formed In a step-like shape of 8 levels. All 
of differences in heights of the two contiguous levels are equal to each 
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other. 

When a phase difference of light transmitting through the two 
contiguous levels is designated by notation <t> . arid all of widths of the 
lattices In a first stage through an eighth stage are designated by notation 
p/8, the diffraction efficiency r? ^i of the -»-1st-order diffracted light is given by 
Equation (12). 

77 ^1 = (4/ ;r (1 -1 /V^2) {1 +cos( <t> - n M)} {1 +cos(2 <^ - tt /2)} {1 +cos(4 0 
-:^)) (12) 
When <t> is set as <i>-nl^, then. 77 +i=0.95- 

Under this circumstance, the focusing error signal is detected from 
light refracted as the refracted light 131 by the Wollaston prism 126 and 
diffracted as the +1st-order diffracted light 155 and the +1st-order diffracted 
light 157 by the hologram optical element 147. 

Further, the tracking error signal by the differential phase method, 
the tracking error signal by the push-pull method and the data signal 
recorded on the disk 6 are detected from light refracted as the refracted light 
132 by the Wollaston prism 126 and diffracted as the +1st-order diffracted 
light 155 and the +lst-order diffracted light 157 by the hologram optical 
element 147. 

In this condition, the value of the above-mentioned A becomes 0.86 x 
0.95 = 0.82 which Is larger than the value in ttie conventional first optical 
head apparatus. 

When differences in heights of the two contiguous levels of the 
dielectric film 152 and the dielectric film 153 are designated by notation h/8. 
the refractive Indices of the dielectric film 152 and the dielectric film 153 are 
designated by notation n, and wavelengths of the incident light 154 and the 
incident light 156 are designated by notation ;i . <^ Is given by Equation 
(13). 

(2i= (2 7r/;i ) (n-1)h/8 - - - - (13) 
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In the case of A =660 nm, when SiOz is used for the dielectric film 
152 and the dielectric film 153, since n=1.46, in order to set 0 = ttM, h may 
be h=1.43 ufn. 

A pattern of the optical detector 9 and light spots on the optical 
detector 9 are shown by Fig. 1 1 . Among the lights refracted as the refracted 
light 131 by the Wollaston prism 126, light diffracted as the +1st-order 
diffracted light 155 by the region 148 of the hologram optical elemetit 147 
forms the light spot 27 on the boundary line between the light receiving 
portion 19 and the light receiving portion 20. 

Further, light diffracted as +1st-arder diffracted light 155 by the 
region 149 of the hologram optical element 147 forms the light spot 28 on 
the boundary line between the light receiving portion 19 and the light 
receiving portion 20. 

Moreover, light diffracted as the +1st-order diffracted light 157 by the 
region 150 of the hologram optical element 147 forms the light spot 29 on 
the boundary line between the light receiving portion 21 and the light 
receiving portion 22. 

In addition, light diffracted as the +1st-order diffracted light 157 by 
the region 151 of the hoiogram optical element 147 forms the light spot 30 
on the boundary line between the light receiving portion 21 and the light 
receiving portion 22, 

Among the lights refracted as the refracted light 132 by the Wollaston 
prism 126, light diffracted as the +1st-order diffracted light 155 by the region 
148 Of the hologram optical element 147 forms the light spot 31 on the light 
receiving portion 2.3. 

Further, light diffracted as the +1st-order diffracted light 155 by the 
region 149 of the hologram optical element 147 forms the light spot 32 on 
the light receiving portion 24. 
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Moreover, light diffracted as the +ist-order diffracted light 157 by the 
region 150 of the hologram optical element 147 forms the light spot 33 on 
the light receiving portion 25. 

In addition, light diffracted as the +1st-order diffracted light 157 by 
the region 151 of the hologram optical element 147 forms the light spot 34 
on the light receiving portion 26. 

The focusing error signal by the Foucault method, the tracking error 
signal by the differential phase method, the tracking error signal by the 
push-pull method and the data signal recorded on the disk 6 are obtained by 
the same calculation as that in the first embodiment 

In the sixth embodiment the hologram optical element 147 is 
arranged between the Wollaston prism 1 26 and the lens 8. Alternatively, the 
hologram optical element 147 may be arranged between the polarization 
beam splitter 3 and the Wollaston prism 126. 

Further, in the sixth embodiment a phase distribution of lattice in the 
hologram optical element 147 is formed in a step-like shape of 8 levels and 
when the phase difference of light transmitting through the two contiguous 
levels is designated by notation <t> , all of widths of lattices of a first stage 
through an eighth stage are designated by p/8. — ttM. 

Alternatively, when a phase distribution of lattice in the hologram 
optical element 147 is formed in a step-like shape of N levels (N is an integer 
equal to or larger than 3), the phase difference of light transmitting through 
the contiguous levels may be generally designated by notation d> and all of 
widths of lattices of a first stage through an N-th stage are designated by 
notation p/N. then ^=2 tt/N. 

In the fifth and the sixth embodiments, the optical axis 133 of the 
prism 128 is inclined to the s-polarlzed light direction by 0 . The optical axis 
134 of the prism 129 is inclined to the p-polarized light direction by 0 . The 
focusing error signal is detected from the refracted light 131 which is a 
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component of the incident light 130 constituting ordinary light in the prtsm 
128 and extraordinary light in the prism 129. 

Further, the tracking error signal by the differential phase method, 
the tracking error signal by the push-pull method and the data signal 
recorded on the disk 6 are detected from the refracted light 132 which is a 
component thereof constituting the extraordinary light in the prism 128 and 
ordinary light in the prism 129, and 0 falls within the range of -45* < ^ < 
0*' orO" < 0 <45" . 

In this case, the ratios of the intensities of the refracted light 131 and 

the refracted light 132 to the intensity of the incident light 130 are given 

respectively by sin^ 0 and cos^ 0 , and sin^ 0 < cos^ 0 and sin^ 0 =^ 0. 

» 

In contrast the optical axis 133 of the prism 128 is inclined to the 
s-polarized light direction by 0 . The optical axis 134 of the prism 129 is 
inclined to the p-polarized light direction by 0 . The focusing error signal Is 
detected from the refracted light 132 which is a component of the incident 
light 130 constituting extraordinary light in the prism 128 and ordinary light in 
the prism 129, 

Further, the tracking error signal by the differential phase method, 
the tracking error signal by the push-pull method and the data signal 
rei::orded on the disk 6 are detected from the refracted light 131 which is a 
component thereof constituting the ordinary light in the prism 128 and the 
extraordinary light in the prism 129, and 0 falls within the range of -90** < 
0 < -45*' or 45- < <9 < 90° . 

In this case, the ratios of the intensities of the refracted light 131 and 
the refracted light 132 to the intensity of the incident light 130 are 
respectively given by sin^ 0 and cos^ 0 , and sin^ 0 > cos^ 0 and sin^ 0 
^ 0. 

According to the above-mentioned optical head apparatus, reflected 
light from the disk is divided into the first group of light and the second group 
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of light The tracking error signal by the differential jDhase nnethod. the 
tracking error signal by the push-pull method and the data signal recorded 
on the disk are detected from the first group of light while the focusing error 
signal is detected from the second group of light. 

In this event, an optical amount of the first group of the light is larger 
than an optical amount of the second group of the light. 

With this structure, the ratio A of the optical amount used in detecting 
the data signal recorded on the disk and the tracking error signal by the 
differential phase method to the optical amount of the reflected light from the 
disk is large, and high S/N is achieved with respect to these signals. This is 
because the optical amount of the first group of light is larger 
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